Meningococcal strains isolated during an outbreak were shown to belong to the ET-5 complex and to harbor a mutation in the VR2 region of the porA gene. They were less susceptible to the bactericidal effect of normal human serum than was the ET-5 wild-type strain. These results are of concern, as PorA is a potential target in vaccine design.
Neisseria meningitidis is an exclusive human respiratory tract bacterium causing either asymptomatic or invasive infections (bacteremia and/or meningitis). Meningococcal infections occur as sporadic or epidemic cases. Strains involved in epidemics are usually different from those isolated from sporadic cases and often belong to few clonal complexes (4) . Herd immunity within a population is usually acquired by asymptomatic carriage of N. meningitidis or of closely related species, such as Neisseria lactamica (3) . Lack of or an altered serum bactericidal effect against N. meningitidis is a major factor of host susceptibility, and serum resistance is a major virulence factor of strains causing invasive meningococcal infections (10) .
From June 1995 to June 1998, 34 cases of meningococcal disease were recorded in the department of Maine et Loire, France (720,000 inhabitants). Seventeen cases were in the city of Saumur (40,000 inhabitants) in this department, and 13 of these occurred in the Chemin Vert (CV) district (3,000 inhabitants) of Saumur. During the peak of the outbreak in 1996, the national incidence of meningococcal disease in France was 0.69 per 100,000 inhabitants. However, it was 1.7, 20, and 200 in the department of Maine et Loire, the city of Saumur, and the district of CV, respectively.
Strains of N. meningitidis were obtained from 11 cases in the CV district and were studied at the National Reference Center for the meningococci. They were characterized by serological typing; multilocus DNA fingerprinting (MLDF) using pilA, pilD, and crgA restriction fragment length polymorphism; multilocus enzyme electrophoresis (MLEE) (6); and porA gene sequencing. The porA gene was amplified by PCR using oligonucleotides porA0 and porA100. The variable region VR1 of porA was sequenced using oligonucleotides porA1 and porA101 for coding and noncoding strands, respectively. The variable region VR2 of porA was sequenced using oligonucleotides porA4 and porA104 for coding and noncoding strands, respectively ( Table 1 ). In one culture-negative case, MLDF typing and porA sequencing were performed directly on serum obtained from the patient as previously described (5) .
All strains were indistinguishable through MLEE and MLDF analysis and belonged to the ET-5 complex, a prominent clonal complex widely distributed in Europe (2). Serological typing showed that strains isolated in the CV district had the same antigenic formula, B:15:P1.7. However, four strains were also of subtype 16 (Table 2 ). Since subtype 16 was not detected in all strains from the CV district outbreak, we determined the DNA sequences encoding the variable regions (VR1 and VR2) of porA. PorA has eight surface-exposed loops, of which VR1 (loop 1) and VR2 (loop 4) are recognized by monoclonal antibodies used in N. meningitidis subtyping. DNA sequencing of VR1 indicated that all strains tested had the wild-type "classical" sequence of VR1 (subtype 7). However, DNA sequencing of VR2 showed the sequence of subtype 16, with the exception that all strains isolated from the CV district had a mutation in codon 184 (within VR2) of porA (AAC to AGC), which led to an Asn-to-Ser substitution in PorA (GenBank accession number AF287956). This mutation was not detected in strains isolated outside the CV district. Several strains of antigenic formula B:15:P1.7,16 were isolated elsewhere in France before, during, or after this period (1995 to 1998), and all shared a wild-type VR2 (Table 2 and data not shown). MLDF typing and porA sequencing gave identical results in all these strains. The VR2 mutation could not be detected by serosubtyping alone, therefore emphasizing the need for molecular methods for careful surveillance of N. meningitidis spread within populations.
Antibodies directed against VR1 and VR2 are bactericidal (8) . Lack of VR2 bactericidal antibodies could be an important factor explaining the behavior of the VR2 mutant among the population in the CV district. To test the susceptibility of the porA (VR2) mutant to the serum bactericidal effect, we compared the survival of the wild-type strain for VR2 to that of the porA mutant in 45% pooled normal human serum (NHS) using a whole serum assay (9) . NHS (450 l) was added to 550 l of a bacterial suspension of 10,000 CFU/ml in Hanks' balanced salt solution (GIBCO BRL) containing 1 mM MgCl 2 and 1.26 mM CaCl 2 . The mixture was incubated for 30 min at 37°C in the presence of 5% CO 2 . CFU were counted (at time zero and after 30 min) by plating the mixture on GCB medium (Difco) and incubating the plates for 24 h at 37°C in the presence of 5% CO 2 . Sera had been obtained before the outbreak (1993, n ϭ 25) or after the outbreak (1998 to 1999). Sera obtained after the outbreak were from the CV district (n ϭ 47) and from other districts in the city of Saumur (n ϭ 36). The porA (VR2) mutant strain survived better than the wild-type strain when sera obtained before and after the outbreak were used (Fig. 1) . Lipooligosaccharide is an important factor of serum resistance in pathogenic neisseriae (10) . Lipooligosaccharide profiles of the porA mutant and the wild-type strain were analyzed as previously described (9) and were found identical (data not shown). These results suggest that natural bactericidal activity in NHS was more effective against the wild-type VR2 region than against the mutated VR2 region of PorA. No increase in bactericidal activity was observed in individual sera obtained from healthy subjects from the CV district obtained after the outbreak. These data suggest a low transmissibility of the mutant strain among the CV population during and after the outbreak, as also suggested by the prolonged duration of the outbreak (3 years).
To demonstrate that antibodies in NHS reacted with PorA and that mutation in VR2 could affect this recognition, we performed competition enzyme-linked immunosorbent assays by modifying the classical subtyping method (1). Enzymelinked immunosorbent assay plates were coated with heatinactivated wild-type strain LNP10846 or with the mutant strain LNP14523 (Table 2 ). Serial dilutions of NHS were added and incubated for 2 h. After washing, specific monoclonal antibodies to subtype P1.7 or P1.16 were added to detect VR1 or VR2 regions on PorA, respectively, as in the classical subtyping method (1). Monoclonal antibody P1.7 (VR1) binding to both wild-type and mutant strains was inhibited by NHS at equivalent rates (30 and 28%, respectively). By contrast, when monoclonal antibody P1.16 (VR2) was used, NHS caused 37% binding inhibition to the wild-type strain, while no inhibition was detected for the mutant strain.
Mutations in this immunodominant antigen may have contributed to the CV district outbreak by allowing the mutant strain to circumvent herd immunity and to colonize and invade immunologically naive hosts. Mutations in the VR2 region have been reported to be associated with an increase in endemic disease in several areas in England and Wales (7). Our report directly correlates such a mutation with a geographically restricted outbreak of N. meningitidis. Both wild-type and mutant strains in this study belong to the ET-5 clonal complex. However, we cannot exclude that other mutations in other chromosomal loci could be responsible for enhanced virulence of the isolates involved in the CV district outbreak. FIG. 1 . Survival of N. meningitidis in pooled NHS. Bacterial strains were LNP10846 (wild type) and LNP13820 (mutant). Values represent the mean of three independent experiments Ϯ standard deviation. The proportion of CFU surviving in sera after 30 min of exposure was significantly higher for the mutant than for the wild strain (P Ͻ 0.02, Student's t test). These findings were observed in three different settings: with sera obtained before the outbreak, with sera obtained after the outbreak from the CV inhabitants, and with sera obtained after the outbreak from Saumur inhabitants. PorA and, in particular, the VR1 and VR2 regions are targets for the development of meningococcal vaccines. Our study underlines the ability of N. meningitidis to escape target-specific bactericidal antibodies. Escape strategies seem to be a general virulence mechanism in N. meningitidis. We have recently reported a capsule switch (escape switch from serogroup B to serogroups C and W135) after a vaccination campaign during a clonal outbreak in the Czech Republic (6) . Vaccines directed against meningococcal-protective antigens should be carefully evaluated. A "cocktail" of several different proteins may be a reliable choice for future meningococcal vaccines, due to the extreme genetic plasticity of N. meningitidis. Editor: T. R. Kozel 
